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Abstract 
In both the established and emerging markets around the world, the need for understanding the impact of chemical 
composition in one’s product has become a critical part of doing business.  The requirements to label products, 
disclose full chemical content to customers and consumers, and eventually eliminate substances of concern from 
product portfolios are now a global reality.   
 
Historically, managing this type of chemical detail was reserved for extremely toxic substance almost never seen in 
many industries, or at a minimum it was only a requirement of the chemical manufacturers themselves.  With the 
implementation of legislation such as the Registration, Evaluation, Authorization and Restriction of Chemicals 
(REACH) in the European Union, as well as similar laws in other countries, downstream users of chemicals in 
dimensional products now face the challenge of managing this data through a global supply chain. 
 
The purpose of this paper is to demonstrate how to use social network analysis as a tool to identify potential global 
collaborative networks across multiple regions, products, materials, substances, and suppliers in order to find safe 
alternative substances to build products.   The ability to identify who the key stakeholders are around a targeted 
substance of very high concern is a first step to finding a solution.  The paper offers an example that can easily be 
replicated by other businesses faced with the task of finding potential collaborators with a need to find alternative 
substances to build safer and cleaner products. 
 
1.  Introduction of Social Network Analysis in Support of Chemical Legislation 
In the last decade, regions across the world have recognized the impact of industry and products on human 
health and the environment.   This has resulted in many countries working with business to develop legislation 
intended to protect the environment and human health from harmful, or potentially harmful, chemicals contained in 
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consumer products.  In both established and emerging markets, the understanding of chemical content in one’s 
products, beyond exposure during manufacturing, has become a critical part of doing business.  The objective of 
regional legislation is no longer just to track the existence of a limited set of chemicals, but rather to identify, inform 
the consumer, and call for the elimination of many substances of concern.  Regional legislation such as the European 
Union’s Registration, Evaluation, Authorization and Restriction of Chemicals (REACH)1, place the burden of proof 
on industry to prove that all chemicals they utilize are safe for the environment and consumers.  Without 
understanding product chemical composition, it is virtually impossible to sell or market your product where this type 
of legislation exists.  In the case where a chemical of concern is targeted for elimination2, it is necessary to not only 
know where it is in the product, but also understand all of the stakeholders who are impacted by the chemical. Social 
network analysis tools, such as MultiNet used in this paper, can provide article (dimensional product) manufacturers 
with analysis of the network associated with chemicals, materials, suppliers, plants, and customers in all regions.  In 
a global supply chain, it is critical to quickly identify products, suppliers and customers associate with any legislated 
substance in order to efficiently work through the change process.  The purposes of this paper are to demonstrate the 
importance of network visualization, and to show how a global manager can utilize their existing information to 
make key decisions related to chemical management, as well as to document a practical method for utilizing social 
network analysis tools for managing technical data. 
 
2. Visteon Corporation 
Visteon Corporation is a leading global automotive supplier that employs approximately 26,000 people with 
technical, manufacturing, and sales and service facilities across 26 countries.  Visteon serves a global, diversified 
customer base consisting primarily of Original Equipment Manufacturers and, Tier 1 suppliers and the automotive 
aftermarket.  The company generates approximately $6.6 billion in revenue1 and designs, engineers and 
manufactures innovative climate, electronic, interior and lighting  Corporate offices are located in Van Buren, Twp., 
Michigan (U.S.), Shanghai, China and Chelmsford (U.K.).  Visteon’s environmental, health, and safety activities 
(EH&S) are led from a centralized team in the U.S. with responsibilities that include assessing the chemical content 
of the company’s products.  The global product compliance team is also responsible for reporting and ensuring 
global chemical compliance of Visteon’s products. 
 
The global EH&S product compliance team interfaces with approximately 2,500 product development and 
customer support teams as well as multiple global customers.  Product sales and distribution occurs in North 
America, South America, Europe and Asia.  The product compliance team consists of 10 people located at Visteon 
in Van Buren Township, U.S., and KPIT Infosystems, in Bangalore, India.   The team consists of nine compliance 
engineers and one global manager.  This team manages thousands of data sets related to the chemical content and 
management of Visteon’s global products, which translates to millions of individual records.   In support of the 
existing and emerging global legislation related to chemicals contained in articles, Visteon implemented MultiNet in 
May 2010 to assist with analyzing specific chemicals of concern.  MultiNet allows us to see the complete network 
related to our products from customer down to the actual focus-chemical.  The discovery of utilizing social network 
analysis tools to manage collaboration of the supply chain through customer enables a much faster isolation of 
impacted stakeholders across corporate and regional boundaries. 
 
3. Understanding Who, What, Where, and When 
 Working with a global company, customer base, and supply chain presents many complex challenges with 
uniform data management.  When business units are located tens of thousands of miles away from each other, and 
 
1
 Based on 2009 revenue as stated in the company’s 10-K report filed with the U.S. Securities and Exchange Commission (SEC) 
http://ec.europa.eu/environment/chemicals/reach/reach_intro.htm 
2
 http://echa.europa.eu/chem_data/authorisation_process/candidate_list_table_en.asp 
40   Amanda Bishop and Ken Riopelle /  Procedia - Social and Behavioral Sciences  26 ( 2011 )  38 – 45 
utilize different IT systems to manage their business, companies typically rely on email, reports and spreadsheet 
outputs to try and bring continuity to the global business.  In these situations, it is very easy to miss opportunities for 
collaboration and even cost-save opportunities brought about by leveraging global economies of scale.  The 
visualization offered by MultiNet enables a global business to see where common threads exist between regions, 
suppliers, and customers.  This allows for efficient execution of change management as it relates to the chemical 
content of products.  Without this visualization, it is very easy for regions, product lines, or even departments to act 
on required changes in a compartmentalized manner.  Understanding the who, what, where, and when of chemical 
content is extremely beneficial to streamline the required communication and subsequent action.   
 
We will first present an industry example of using a network visualization of a chemical supply chain along the 
path from substance, to material, to supplier, to component, to end item, to plant, to customer and then provide the 
technical description and method to replicate this process.  
 
3.1 Who is Impacted? 
 
When visualizing a network from substance to customer, understanding who the stake holders are is the first 
step in knowing how to initiate collaboration about the concerned chemical.  For example, MultiNet allows one to 
subset the network of a single chemical, material, customer, supplier or product.  Figure 1 is network map for 
substance “A”, and connects the substance with the suppliers, product groups, and customers associated with that 
substance. 
 
 
Figure 1: Network Map for Substance “A”  
 
The single substance on the left can easily be linked to specific suppliers and customers, and internally to the 
supporting product groups.  This is very important in global organizations, as various product groups can be 
supported across multiple regions.  Without a global visualization of the network, one region may not know which 
suppliers are driving a specific chemical issue.  Opportunities to diversify or contract a supply base might be missed.  
Additionally, if multiple regions and products are supporting the same customer, it is critical for the company to 
have a uniform message to that customer regarding the chemical management of their products.   
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3.2 What Substances have the Highest Impact to our Organization? 
 
A second view of the substance network that is important for efficient management of chemical issues is to 
understand the legislated chemicals to which the company, or key customers, has significant exposure.   This can be 
based on substance risk, volume of substance across an organization, or how a substance impacts key customers.  In 
Figure 2 which is a network map of all substances, one can easily see that certain clusters of substances on the left 
are directly linked to the majority of the business, while other substances are outlier points on the map.   
 
 
Figure 2:  Network Map of All Substance 
 
 Clearly identifying one’s exposure to specific substances enables a manger to leverage research and change 
management resources to prioritize the highest value work that will impact the organization.  In global chemical 
legislation, not all substances are created equal.  The applications, thresholds, and elimination dates for certain 
chemicals vary greatly.  Additionally, understanding to what products these substances link enables a manager to 
better understand where exposure scenarios may have increased or decreased risk.  This is another important 
evaluation that is necessary when discussing chemical content of articles.   
 
3.3 Where does the Chemical Enter and Transfer to through the Supply Chain? 
 
Figure 3 is network map of a single substance across the entire customer base, which enables a manager to 
understand where a chemical enters the company’s immediate supply chain, and to where it is transferred once it 
enters.  Legislation related to chemical content in products is very regional, and the requirements largely depend on 
where the chemical enters the supply chain, and where it ends up when transferred to the consumer.  Many laws give 
preference to domestically manufactured products versus those that are imported into a country.  In Figure 3 one can 
see the supplier, plant, and customer related to a specific substance, which enables a regional risk to be evaluated 
much easier than the traditional process of running and sorting spreadsheet reports. 
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Figure 3: A Substance Network across a Customer Base 
 
 
With internal knowledge of the information related to suppliers, plants, and customers, the specific transition 
points where products might cross boarders can be an indicator of exposure, or lack of exposure, regarding the 
identified substance.  If a product is supplied, manufactured, and shipped within a region with pending filing or 
elimination dates for a substance, that product can be prioritized to ensure continued compliance. 
 
 
3.4 When does a Substance Need to be Actioned by Industry? 
 
The final analysis utilizing the previously mentioned MultiNet views deals with when substances need to 
be actioned by the supply chain.  While this driver is not a data input that is analyzed by MuiltiNet, the examples 
shown in the first three data views all provide the necessary tools to prioritize customer, substance, and region based 
on the required registration, dossier, or elimination requirements that impact a specific industry.  The timing of 
substance action will be the first driver of the other network attributes.  In most global legislation, not all chemicals 
are treated equally.  Some laws have created prioritize substances that have much more aggressive deadlines for 
industry action then others.  This means that a seemingly low risk substance could have a high industry impact, just 
based on the time allowed for the actions required. 
 
In summary, social network analysis tools, such as MultiNet, provide insightful visualization of key data to 
analyze the impact of any legislative action on a specific product.  The keys for ensuring global product compliance 
are to understand the answers to four basic questions: 
 
1. Who in the customer base and supply chain is impacted by a specific substance of concern? 
2. What substances have the highest impact to our organization based on volume and the previous 
point of who is impacted? 
3. Where do the substances enter the supply chain, and in what regions are they transferred once in 
the supply chain? 
4. When does each region require an action by industry on that specific substance? 
 
The ability to visualize the chemical supply chain along the path from substance, to material, to supplier, to 
component, to end item, to plant, to customer enables any industry to understand the network of key stakeholders 
that have the potential to collaborate on finding a solution to protect the environment and human health.  In sum, this 
represents an initial step for forming Collaborative Innovation Networks or COINs to meet today’s chemical 
challenges around the world. 
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4. How to visualize your chemical supply chain network to identify potential collaborations 
  This section will identify the specific steps for any business to replicate utilizing social network analysis 
tools such as MultiNet for identifying collaborative networks.  Once a basic set of master data is established, 
MultiNet can organize and map the data according to the needs of the organization.  The inputs demonstrated here 
will be data managed in Microsoft Excel, and the basic process will be as follows: 
 
Master Data in Excel Î Creating a MultiNet Network Map from the data Î Sub-setting the Network in MultiNet 
 
 
4.1 Master Data in Excel 
 
 The basis of any quality data output is the quality of the data input.  In this example, the company was able 
to load its master data in a Microsoft Excel file.  In order to be used by MultiNet, each unique data element must 
have a unique numeric identifier.  For the management of the substances in this example, there are eight primary 
data elements: 
 
1. Substance 
2. Material that contained substance 
3. Supplier who reported data 
4. Component part number 
5. Plant that purchases component 
6. Internal end item 
7. Customer 
8. Product Group 
 
Each of these eight elements was assigned a unique numeric value as shown in Figure 4. 
 
 
Figure 4: Numeric Identifiers for Data Elements in Master Data 
 
 Once data elements are assigned a unique numeric value, the data tables for the desired links can be created 
as shown in Figure 5. 
Figure 5: Numeric Identifiers for Data Elements in Master Data 
 
4.2 Creating a MultiNet Network Map from the data 
There are many network software packages, which can generate network maps.  However, we chose to use 
MultiNet3 for this example using an Excel workbook.   There are two sheets required to produce the sample network 
 
3
 MulitNet is available for download at http://www.sfu.ca/~seary/ 
44   Amanda Bishop and Ken Riopelle /  Procedia - Social and Behavioral Sciences  26 ( 2011 )  38 – 45 
maps as illustrated in Figures 1, 2, and 3. They are a Node sheet and Link sheet. A Node sheet is a listing of all the 
eight elements indicated in Figure 4, with a two line header.  Figure 6 is an example of the start of the Node File.  
The first row of the header contains four items: ID, Idlabel, IDx and Node_Type which defines the node categories. 
The second line is the two words: “Begin Data.” Next is a listing of all the eight substances and their corresponding 
unique IDs. 
 
 
Figure 6: Sample MulitNet Node sheet with header labels. 
 
 
The Link sheet is a listing of the seven sets of ID pairs, which are named in Figure 7. 
Figure 7: Sample Link Pairs 
 
Figure 8 is an example of the start of a Link file and its two-line header. 
The first row of the Link files begins with four items: ID1, ID2, Link_Type and the Frequency of the pair count. 
 
                                                                                                                                                             
 
 
 
45 Amanda Bishop and Ken Riopelle /  Procedia - Social and Behavioral Sciences  26 ( 2011 )  38 – 45 
 Author name / Procedia – Social and Behavioral Sciences 00 (2011) 000–000 
Figure 8: Sample Link Sheet 
 
Thus, the Node sheet and the Link sheet complete the data input. 
 
Given an Excel workbook with a Node and Link sheet the following MultiNet commands will generate a network 
map. 
 
1. Start MultiNet 
2. File > Import>Excel Workbook, OK 
3. Import > Network, OK. 
4. Select File, OPEN. 
5. Eigenspaces > Link > Link_Type, Ok. 
6. Link_Type > Normal, Ok. 
7. Dimensions > 2-D. 
8. Hybrid Display > X-Axis=Node, Ok. 
9. Node > Node_Type, OK. 
10. Node > Node_Type, OK. 
 
On the Explore Menu: 
1. Show > Strength. 
 
4.3 Sub-setting the Network in MultiNet 
 
A subset of network map is created in two fundamental steps: first by using Excel to filter only those rows that meet 
a specified criteria, for example, only those rows that contain, substance 1. Second from those resulting filtered rows 
the seven link pairs are used to make the link file. 
 
 
